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(57) Abstract 



There is disclosed herein a method and apparatus for connecting surface mount components to a substrate, comprising the steps of: 
(I) providing an electronic assembly which includes solder paste depositions atop mounting pads on a substrate and at least one electronic 
component having terminations arranged such that each termination rests atop a respective mounting pad; (2) preheating the assembly from 
a first temperature T| to a second temperature T2 below the melting point T M of the solder paste; (3) soaking the assembly at substantially 
the second temperature T2; (4) selectively heating each solder paste deposition to a third temperature T3 above the melting point of the 
solder paste depositions while maintaining the substrate at substantially the second temperature T2; and (5) cooling the assembly to a fourth 
temperature T4 below the second temperature T2. 
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METHOD FOR CONNECTING SURFACE MOUNT 
COMPONENTS TO A SUBSTRATE 

The present invention relates generally to surface 
mount components. More particularly, the present invention 
relates to a method for connecting surface mount components 
to a substrate. 

Surface mount electronic components are typically 
attached to a printed circuit board (PCB) by a process of 
(1) applying solder paste to mounting pads on the PCB, (2) 
placing the components on the PCB such that the component 
terminations rest on their respective solder-pasted mounting 
pads, thereby forming a PCB assembly, and (3) sending the 
PCB assembly through a solder reflow oven. As a PCB 
assembly passes through the reflow oven, the solder paste 
depositions on the PCB are melted and allowed to reflow so 
that a molten solder joint is formed between each component 
termination and its associated mounting pad. Then, the 
reflow oven allows the molten joints to cool so that a solid 
solder joint is formed between each component termination 
and its respective mounting pad. 

Conventional reflow ovens accomplish this process of 
melting, reflowing, and cooling by providing various 
temperature zones within the oven, each of which the PCB 
assembly is exposed to for a specified length of time. This 
sequence of temperature zones and exposure times is referred 
to as a temperature-versus-time profile, or simply a 
temperature profile for short. Most reflow ovens can- be 
programmed to provide a variety of temperature profiles in 
order to accommodate various combinations of substrate 
materials, solder paste formulations, component types and 
densities, etc. However, all conventional reflow ovens 
follow a basic temperature profile, as illustrated in FIG. 
1. 

This profile consists of four sequential temperature 
zones. The first is a "preheat" zone 101, which brings the 
entire PCB assembly from some initial, lower temperature Ti 
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(usually ambient) to a second, elevated temperature T 2 lower 
than the melting point T M of the solder paste. The second 
zone is an "equilibrium" or "soak" zone 102, in which the 
PCB assembly is held at essentially T 2 to assure that the 
entire assembly-i .e. , substrate, components, and solder 
paste-is brought up to this temperature T 2 . Next is the 
"reflow" zone 103, in which the assembly is elevated to a 
temperature T 3 above the melting point T„ of the solder paste 
in order to melt and reflow the paste. Finally, the 
assembly is then sent through a "cool-down" zone 104 which 
gradually brings the assembly temperature down from T 3 to a 
fourth temperature T 4 . This fourth temperature T 4 is below 
that of the second temperature T 2 , and is usually about the 
same as the first temperature Ti (i.e., typically ambient). 
Note in FIG. 1 that the overall temperatures of the 
substrate and the solder depositions— represented by solid 
and dotted lines, respect ively-are essentially the same at 
all points along the temperature profile. 

This process of melting, reflowing, and cooling is 
acceptable when processing PCBs made of conventional 
substrate materials, such as FR-4 (glass-filled epoxy 
laminates), glass-filled PET (polyethylene terepthalate) , 
glass-filled polyamide (e.g., Nylon-6) , glass-filled 
polyetherimide, and flex circuit substrates made from high 
temperature materials such as polyimide. However, when a 
lower melting point substrate material is used (e.g., 
polypropylene, or non-glass-filled polyamide or PET) , the 
reflow temperature T 3 to which the assembly would be 
subjected in a conventional reflow oven may be too high, 
causing unacceptable softening, melting, and/or thermal 
degradation of the substrate material. 

It would be desirable, therefore, to provide a method 
for melting, reflowing, and cooling solder paste depositions 
on a PCB assembly so as to form a solid solder joint between 
each component termination and its associated mounting pad 
without having to subject the entire substrate to the high 
reflow zone temperatures of conventional reflow ovens. 
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The present invention overcomes the disadvantages of 
the prior art by providing a method for connecting surface 
mount components to a substrate without subjecting the 
overall substrate to unacceptably high reflow zone 
temperatures- The method comprises the steps of: (1) 
providing an electronic assembly which includes solder paste 
depositions atop mounting pads on a substrate and at least 
one electronic component having terminations arranged such 
that each termination rests atop a respective mounting pad; 
(2) preheating the assembly from a first temperature to a 
second temperature below the melting point of the solder 
paste; (3) soaking the assembly at substantially the second 
temperature; (4) selectively heating each solder paste 
deposition to a third temperature above the' melting point of 
the solder paste depositions while maintaining the substrate 
at substantially the second temperature; and (5) cooling the 
assembly to a fourth temperature below the second 
temperature. The method may also be practised using bonding 
compounds other than solder paste, such as thermal-curing, 
electrically conductive adhesive. An apparatus for carrying 
out this method is also provided. 

It is an advantage that the present invention provides 
a process and apparatus for forming electrically conductive 
bonding compound joints between component terminations and 
their respective substrate mounting pads without subjecting 
the whole PCB substrate to high reflow zone temperatures. 
This permits the use of low melting point substrate 
materials in the PCB assembly. 

It is another advantage that the present invention may 
be used with both conventional and low melting point 
substrate materials. 

It is a further advantage that a surface mount 
component may be connected to its associated substrate much 
quicker according to the present invention than according to 
conventional reflow oven processing. 
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These and other advantages, features and objects of the 
invention will become apparent from the drawings, detailed 
description and claims which follow. 

The invention will now be described, by way of example, 
with reference to the accompanying drawings, in which: 

FIG. 1 is a schematic diagram of a typical temperature 
profile within a conventional solder reflow oven; 

FIG. 2 is a schematic diagram of a temperature profile 
for selectively ref lowing bonding compound depositions 
according to the present invention; 

FIGS. 3-4 are perspective views of heating energy being 
selectively applied to single and multiple bonding compound 
depositions, respectively, according to the present 
invention; 

FIG. 5 is a schematic diagram of a typical temperature 
profile for conventional laser soldering; and 

FIG. 6 is a schematic diagram of an apparatus for 
selectively reflowing bonding compound depositions according 
to the present invention. 

Referring now to the drawings, FIG. 2 shows a schematic 
representation of a specialised temperature profile for 
reflowing bonding compound depositions according to the 
present invention. The bonding compound used may be a 
solder having a melting point T„, a thermal-cure electrically 
conductive adhesive having an activation point T M , or the 
like. As in the prior art reflow process described above, 
the temperature profile of the present invention includes a 
pre-heat zone 201, an equilibrium zone 202, a reflow zone 
203, and a cool-down zone 204. As in FIG. 1, the overall 
temperature of the substrate is denoted in FIG. 2 by a solid 
line, while that of the bonding compound depositions is 
denoted by a dotted line. 

Note that the preheat, equilibrium, and cool-down zones 
of the present invention 201/202/204 are similar to those of 
the prior art 101/102/104. That is, both the conventional 
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process and a process according to the present invention 
have: (1) a preheat zone 101/201 which elevates the 
temperature of the overall assembly from a first 
predetermined temperature T a (usually ambient , or about 25°C) 
to a second predetermined temperature T 2 below the 
melting/activation point T M of the bonding compound; (2) a 
soak zone 102/202 wherein the temperature of the overall 
assembly is maintained at substantially the second 
temperature T 2 ; and, following the reflow zone 103/203, (3) a 
cool-down zone 104/204 wherein the temperature of the 
overall assembly is gradually reduced from the ending 
temperature of the reflow zone (typically T 2 ) down to a 
fourth predetermined temperature T 4 (usually the same as T x 
or ambient) . 

The conventional reflow process and that of the present 
invention also include a reflow zone 103/203 following the 
preheat and soak zones. However, the temperature profile of 
the present invention's reflow zone 203 differs markedly 
from that of the conventional reflow process 103. Note that 
whereas both the substrate and bonding compound depositions 
undergo a temperature increase from the second temperature T 2 
to a third predetermined temperature T 3 above the 
melting/activation point T M of the deposition material in the 
conventional process shown in FIG. 1, in the present 
invention only the depositions undergo a temperature 
increase from T 2 to T 3 , while the overall substrate 
temperature remains at essentially its previous temperature 
T 2 . This divergence between the substrate and deposition 
temperatures is caused by selective further heating of only 
the depositions. 

As illustrated by FIG. 2, the overall PCB assembly is 
maintained at essentially T 2 throughout the entire reflow 
process 203. This essentially constant heating may be 
provided, for example, by a modified conventional reflow 
oven, while the aforementioned selective heating of the 
bonding compound depositions (represented by the spiked, 
dotted line in zone 203) may be accomplished by such means 
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as focusing a laser, xenon light, or other heating energy 
source 10 at one or more bonding compound depositions 20. 
(These depositions 20 may be heated directly, or indirectly 
by focusing the energy source 10 at the component 
terminations resting atop each deposition as shown in FIGS. 
3-4 . ) Each beam of heating energy can be selectively 
directed at only one deposition, as shown in FIG. 3, or at 
several depositions at once, as shown in FIG. 4. In this 
way, essentially only the depositions are heated to T 3 , 
causing the bonding compound to melt (if a solder) or 
activate (if a thermal-cure adhesive) without subjecting the 
entire substrate to the elevated reflow temperature T 3 . This 
avoids raising the overall substrate temperature dangerously 
close to a critical temperature of the substrate material, 
thus allowing the use of low melting point substrate 
materials. Any peripheral areas 30 of the substrate 
immediately around or between the depositions 20 might also 
be incidentally or indirectly heated by the heating energy 
source 10, but even these small areas 30 are unlikely to be 
heated to T 3 or even to a critical temperature of the 
substrate. (As used here, "critical temperature" refers to 
a melting point, structural deformation point, or thermal 
degradation point of the substrate material.) 

It should be noted that for the sake of simplicity, 
FIG. 2 shows only a single temperature burst in the reflow 
zone 203. This would be the profile if only one deposition 
were being reflowed using a single burst from the heating 
source 10, or if more than one deposition were being 
simultaneously reflowed using a single burst. In practice, 
however, a sequence of bursts would most likely be used 
during the reflow process 203 (i.e., one or more bursts for 
each single deposition or set of depositions) . 

An apparatus 4 00 for providing the specialised 
temperature profile of the present invention is illustrated 
in FIG. 6, and includes: means 4 01 for preheating a PCB 
assembly from T x to T 2 ; means 402 for soaking the assembly at 
substantially T 2 ; means 403 for selectively heating each 
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bonding compound deposition to T 3 ; and means 404 for coolinc 
the assembly to T«. (Ti through T 4 have the same meaning 
here as above.) The preferred embodiment of such an 
apparatus 4 00 is a modified reflow oven wherein the means 
401/402/404 for preheating, soaking, and cooling comprise 
the respective preheating, soaking, and cool-down portions 
of a conventional reflow oven. These portions are well 
known to those skilled in the art to which the present 
invention pertains. 

The mear.s 4 03 for selectively heating each deposition 
to T 3 comprises one or more non-contact thermal energy 
sources 405 arranged within a reflow zone section of the 
oven for providing the burst (s) of heating energy to each 
deposition. Koans <C3 .nay further include means 406 for 
selectively focusing and/or directing the heating energy 
from the heating source onto each deposition (such as 
mirrors, lenses, fifcre optics, and/or other optical 
elements), means 407 for delivering the heating energy to 
each deposition in intermittent bursts (such as 
pulse/discharge control units), as well as means 408 for 
masking the PCB assembly (such as stencils or masks with 
apertures therein) so that substantially only one or more 
depositions at a time is/are exposed to the heating energy 
when the mear.s for selective heating 403 is activated. 
Although various heating energy sources may be utilised, the 
preferred type of source is a laser, with a diode laser 
operating in the frequency range of 900 to 950 nm being the 
most preferred approach. This frequency range-which can 
typically be produced only by diode lasers-is preferred 
because within this range plastic substrates tend to absorb 
less laser energy than at other frequencies, while 
absorption by metals (e.g., solder) remains relatively high. 

This use of lasers to reflow bonding compound 
depositions may appear similar to conventional laser 
soldering, but is actually quite different. In conventional 
laser soldering, the entire PCB assembly (including its 
solder paste depositions) is typically provided at ambient 
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temperature T x ; then, the laser energy directed at the solder 
paste depositions subjects the depositions to a sudden and 
steep temperature gradient from around ambient Ti to a point 
T 3 above the melting point T„ of the solder paste-e.g., from 
about 25°C to about 220-28 0°C. Thus, as illustrated by 
region 300 in FIG. 5, a sudden reflow is performed, followed 
by an equally sudden, uncontrolled cool-down-no preheat, 
soak, or controlled cool-down are involved. In contrast, 
the present invention involves well-defined preheating, 
soaking, and controlled cool-down steps. Consequently, the 
reflow involved in the present invention causes the 
depositions to traverse a much less drastic thermal gradient 
to effect reflow-i.e., from T 2 to T 3 to T 2 , % rather than from 
Ti to T 3 to Tj. 

The approach of the present invention thus provides 
several advantages not present in conventional laser 
soldering. First, the less drastic thermal gradient 
mentioned above lends itself to the use of lower melting 
point substrate materials than could be used in conventional 
laser soldering. Second, this less severe thermal gradient 
helps form bonding compound joints that are more robust and 
more consistent. Third, the use of the preheat and soak 
zones of the present invention allows flux (which may be 
part of the solder paste, or may be separately applied to 
the mounting pads) to have more time to do its job of 
cleaning the metal surfaces of the mounting pads and 
terminations, removing and preventing oxide formations, and 
assisting in thermal transfer. And fourth, the smaller 
thermal gradient allows the use of a lower wattage laser as 
compared with conventional laser soldering. 

The present invention also offers advantages over 
conventional reflow ovens. One such advantage is that lower 
melting point substrate materials may be used. This offers 
increased design flexibility and reduced material costs. 
Another advantage is that the present invention can be used 
with both conventional (e.g., FR-4) and lower melting point 
substrate materials. A further advantage is that the reflow 
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of solder (or activation of thermal-cure adhesive) in the 
reflow process 203 of the present invention may be performed 
much quicker than can typically be done using the 
conventional reflow process. This is because the selective 
heating and resultant joint formation may be accomplished 
much faster than passing the entire PCB assembly through the 
reflow region 103 of a conventional reflow oven. 

One having skill in the art to which the present 
invention pertains will recognise that the word "reflow", as 
used herein, may mean (1) simply melting/activating a 
deposition, or (2) the entire process of melting/activating 
a deposition, causing/allowing the deposition to flow across 
the mounting pad on which it sits, and solidifying/curing 
the deposition into a solid joint connecting a component 
termination and its respective solder pad. Moreover, those 
skilled in the art will appreciate that the time scale and 
specific temperatures Tj through T< that characterise the 
time-temperature profile disclosed herein will vary from 
case to case, depending on the substrate materials, bonding 
compound characteristics (e.g., T M ) , component layout 
densities, and other factors. These factors may be used to 
determine T a through T 4 for each specific case, as well as 
for determining the rates at which to pre-heat and cool down 
the assembly, the length of time to soak the assembly, the 
amounts and rates of thermal energy needed to heat the 
depositions from T 2 to T 3 , etc. (Methods for determining 
these characteristics are well known in the art.) 

Various other modifications to the present invention 
will, no doubt, occur to those skilled in the art to which 
the present invention pertains. For example, note that 
although FIGS. 1 and 2 show their respective temperature 
profiles as being distinct lines, those skilled in the art 
will appreciate that not all locations on the PCB will 
follow this precise curve, but may be slightly higher or 
lower in temperature at any given point in time. Thus, 
FIGS. 1 and 2 represent "average" temperatures for a typical 
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PCB. It is the following claims, including all equivalents, 
which define the scope of the invention* 
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1. A method for ref lowing bonding compound on an 
electronic assembly, in which the assembly includes bonding 
compound depositions atop mounting pads on a substrate and 
at least one electronic component having terminations 
arranged such that each termination rests atop a respective 
mounting pad, comprising the steps of: 

providing said assembly; 

preheating said assembly from a first predetermined 
temperature to a second predetermined temperature ; 

soaking said assembly at substantially • said second 
predetermined temperature; 

selectively heating each bonding compound deposition to 
a third predetermined temperature above one of a melting 
point and an activation point of said depositions while 
maintaining said substrate at substantially said second 
temperature; and 

cooling said assembly to a fourth predetermined 
temperature below said second temperature. 

2. A method according to claim 1, wherein said 
substrate is constructed of a material having a critical 
temperature lower than said third predetermined temperature. 

3. A method according to claim 2, wherein said 
critical temperature is one of a melting point, a structural 
deformation point, and a thermal degradation point of said 
substrate material. 

4. A method according to any one of the preceding 
claims, wherein at least one of said first and fourth 
predetermined temperatures is ambient. 

5. A method according to any one of the preceding 
claims, wherein said fourth predetermined temperature is 
approximately equal to said first predetermined temperature. 
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6. A method according to any one of the preceding 
claims, wherein during said selectively heating step said 
substrate is maintained at a temperature below said third 
temperature. 

7. A method according to any one of the preceding 
claims , wherein said bonding compound is a solder having a 
melting point lower than the third predetermined 
temperature. 

8. A method according to claim 7, wherein said 
selective heating step melts and reflows each deposition so 
as to form a solder joint connecting each termination with 
its respective mounting pad. 

9. A method according to any one of claims 1 to 6, 
wherein said bonding compound is a thermal-cure electrically 
conductive adhesive having an activation point. 

10. A method according to claim 9, wherein said 
selective heating step activates and reflows each deposition 
so as to form an electrically conductive adhesive joint 
connecting each termination with its respective mounting 
pad. 

11. A method for ref lowing solder paste on an 
electronic assembly, in which the assembly includes solder 
paste depositions atop mounting pads on a substrate and at 
least one electronic component having terminations arranged 
such that each termination rests atop a respective mounting 
pad, comprising the steps of: 

providing said assembly; 

preheating said assembly from a first predetermined 
temperature to a second predetermined temperature; 

soaking said assembly at substantially said second 
predetermined temperature; 
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selectively heating each solder paste deposition to a 
third predetermined temperature above the melting point of 
said depositions while maintaining said substrate at 
substantially said second temperature; and 

cooling said assembly to a fourth predetermined 
temperature below said second temperature. 

12. A method according to claim 11, wherein said 
substrate is constructed of a material having a critical 
temperature lower than said third predetermined temperature. 

13. A method according to claim 12, wherein said 
critical temperature is one of a melting point, a structural 
deformation point, and a thermal degradation point of said 
substrate material. 

14. A method according to any one of claims 10 to 13, 
wherein said selective heating step melts and reflows each 
deposition so as to form a solder joint connecting each 
termination with its respective mounting pad. 

15. An apparatus for ref lowing bonding compound on an 
electronic assembly, in which the assembly includes bonding 
compound depositions atop mounting pads on a substrate and 
at least one electronic component having terminations 
arranged such that each termination rests atop a respective 
mounting pad, comprising: 

means for preheating said assembly from a first 
predetermined temperature to a second predetermined 
temperature; 

means for soaking said assembly at substantially said 
second predetermined temperature; 

means for selectively heating each bonding compound 
deposition to a third predetermined temperature above one 
of a melting point and an activation point of said 
depositions while maintaining said substrate at 
substantially said second temperature; and 
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means for cooling said assembly to a fourth 
predetermined temperature below said second temperature. 

16. An apparatus according to_ claim 15, wherein said 
means for selective heating comprises a non-contact thermal 
energy source. 

17. An apparatus according to claim 16, wherein said 
thermal energy source is a diode laser. 

18. An apparatus according to claim 16, wherein said 
means for selective heating further comprises means for 
selectively focusing and directing heating* energy from said 
thermal energy source onto each deposition. 

19. An apparatus according to claim 16, wherein said 
means for selective heating further comprises means for 
delivering heating energy from said thermal energy source in 
intermittent bursts. 

20. An apparatus according to claim 16, further 
comprising means for masking said assembly such that 
substantially only one or more depositions is/are exposed to 
heating energy when said means for selective heating is 
activated. 
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